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Abstract 
University of Southern Mindanao Agricultural Research Center, Philippines conserved 86 
rubber clones in the field germplasm. Among rubber clones, only seven were commercially 
released and widely utilized by Filipino rubber farmers. Nineteen genomic-based simple 
sequence repeats (G-SSRs) provided enough data onto evaluating molecular information of 
Philippine best rubber clones (five PB, one RRIM and one Philippine or Phil derived clones) 
along with two RRIM and  Phil check clones. G-SSRs derived 72 alleles in all with means N, Ne, 
Ho, and PIC of 3.789, 2.284, 0.569 and 0.508 per G-SSR, respectively. Nine G-SSRs however 
detected 16 private alleles across rubber clones and groups that led AMOVA result to 74.37% 
molecular variance within clones. Private alleles in best clones could be used as molecular 
reference to authenticate registered clones especially in nursery farm-producing planting 
materials.  Genetic relationship was in a range of 0.184 to 0.487 proximities, having PB217 and 
SMRX1 as the closest. Bayesian structure analysis on the other hand distributed clones into two 
groups (group 1- RRIM600, RRIM712 and RRIM901; group 2- PB217, PB235, PB260, PB311, 
PB330, SMRX1, UPLBPlant1 and USM1); a reference for in-depth consideration of making 
crosses.  
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Introduction 
Philippines had adapted a foreign 
industrial crop known as Hevea brasiliensis 
(Willd. ex A. Juss) Muell. Arg or rubber 
plant from the Amazon forest of South 
America. Zamboanga Peninsula and 
SOCCSKSARGEN with 42.63% and 
38.32% rubber production respectively were 
the top producing regions due to their vast 
area cultivation (BAS, 2013). In fact, the 
country’s national development and strategic 
plan included the increase for area to 1 
million hectares by 2023 to embrace 
industry of natural rubber (DOLE, 2010 
cited by Cantila et al., 2015). More farmers 
switched in rubber cultivation where they 
dubbed the crop as “white gold”. It can 
produce high-valued latex as raw material 
for many products like condoms, shoes, 
medical gloves, electrical goods, rubber 
bands, high-quality tires, floating devices, 
balloons, etc. (Mooibroek and Cornish, 
2000). Rubber’s raw material property has a 
large stretch ratio, expandable, resilient, 
water-proof and resistant to extreme 
abrasion or impact (Cataldo, 2000; Greve, 
2000; Cornish, 2001); making it unique and 
irreplaceable to synthetic.  
To date only seven rubber clones 
such as RRIM600, PB235, USM1, PB217, 
PB260, PB330 and PB311 were registered 
by the National Seed Industry Council 
(NSIC) 
(http://www.nseedcouncil.bpinsicpvpo.com.
ph/counter.php?link=downloadables/nsicpla
ntation.xlsx) in the Philippines. Reasons 
included the difficulty in rubber breeding 
due to lengthy time requirement (Clément-
Demange et al., 2007) and normally take at 
least 30 years. El-Kassaby et al. (2006) had 
presented a methodology “breeding without 
breeding” where natural pollination is done 
between selected parental rubber trees. Full-
sib (FS) and half-sib (HS) seeds in the 
breeding site were then collected, and 
molecular markers will assess for 
authenticity of hybrid, improvement of yield 
and determination of parents (Priyadarshan, 
2016). Rubber genetics likewise has often 
led ambiguity due to amphidiploid behavior 
of rubber (Ramaer, 1935; Wycherly, 1992). 
Rubber is very important crop in the country 
but only few Filipino researchers were 
involved to its breeding studies. Therefore, 
molecular marker methodologies can help 
the breeding and genetics for rubber 
improvement. Molecular marker like 
genomic-based simple sequence repeats (G-
SSRs) can make fast and reliable means for 
genetic characterization and evaluation. G-
SSRs are hypervariable, relatively abundant, 
repeatable, codominantly inherited, and 
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amenable to automation and genotyping 
(Gupta and Varshney, 2000; Stagel et al., 
2008; Parida et al., 2009). Few published 
reports had been done regarding G-SSRs’ 
utility of rubber such as Sales (2010) and 
Cantila et al. (2015; 2016; 2017) in the 
Philippines. This study aimed to evaluate 
and elucidate G-SSR characteristics specific 
to its polymorphism, richness and 
distinctiveness in alleles, and structure, 
divergence and distribution of the rubber 
clones. 
Materials and Methods 
Rubber material 
Seven registered clones by the NSIC 
and two recommended clones by PRRI 
comprised the group of the best rubber 
clones of the Philippines (Alcala, 2007) 
while two check clones were used as tested 
materials (Table 1). Three groups were 
determined through rubbers’ institutional 
origin such as Rubber Research Institute of 
Malaysia (RRIM), Prang Besar (PB), 
Malaysia and Philippine (Phil) derived 
clones across 11 rubber clones. These rubber 
clones are the original collections of the 
Philippines and planted in the University of 
Southern Mindanao, Kabacan, Cotabato, 
Philippines (7° 6′ 54.86″ N, 124° 50′ 12.1″ 
E). 
 
 DNA isolation and amplification  
Genomic DNA was isolated after the 
method done by Cantila et al. (2015) for 
rubber DNA extraction at the Molecular 
Biology and Genetics Laboratory. Alpha 
Imager mini version 1.0.4, a Gel/UV photo 
documentation system visualized the DNA 
yields of the rubber clones. The 19 pairs of 
genomic-based simple sequence repeats (G-
SSRs) (Table 2) on the other hand are 
markers used by the previous rubber 
researches (Seguin et al., 2002; Saha et al., 
2005; Le Guen et al., 2011; Cantila et al., 
2015). Polymerase chain reactions (PCR) 
were performed in 8 µl containing 0.3, 1.0, 
1.0, 0.8 and 4.1 units of Taq DNA 
polymerase, 10 mM dNTP, 10x PCR buffer, 
G-SSR and ddH2O.  It was then dispensed to 
microplate containing 2 µl of 10-ng/ul DNA 
from each 11 rubber DNA. Programmable 
Thermal Controller PTC-100 was 
programmed in seven steps. First was 
denaturation for 2 minutes at 94ºC, second 
was denaturation for 30 cycles of seconds at 
94ºC, third by annealing for 1 minute at 
56ºC, fourth by extension for 1 minute at 
72ºC, fifth by repeating 29 times of second 
step to fourth step, sixth by allowing the 
PCR mix for 5 minutes at 72ºC and lastly by 
storing at 4ºC. Amplified PCR product was 
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then viewed by gel electrophoresis with 
4.5% polyacrylamide and silver stain.  
Data analysis 
All clear scored bands either as 
present (1) or absent (0) were expressed in 
base pairs and compiled as G-SSR allelic 
data. GenAlEx 6.5 (Peakell and Smouse, 
2012) calculated the marker indices such as 
number of alleles (N), number of effective 
alleles (Ne) based on Brown and Weir 
(1983), and observed heterozygotes (Ho) and 
expected heterozygosity (He) based on Hartl 
and Clark (1997). Private alleles were also 
determined by GenAlEx 6.5.  He for a group 
was interchangeably used as polymorphism 
information content (PIC) (Botstein et al. 
1980) as index to a marker.  
XLStat (Addinsoft, 2010) for 
Microsoft excel derived genetic proximity 
based on Jaccard’s coefficient. DARwin 
6.0.14 (Perrier and Jacquemoud-Collet, 
2006) however constructed unweighted 
neighborhood-joining tree with radial type 
output.  GenAlEx 6.5 alternatively 
performed the analysis of molecular 
variance (AMOVA) with p-value tested up 
for 9999 permutations along with the FST 
value of the groups.  Structure 2.3.4 
(Pritchard et al., 2000) then used model-
based Bayesian structuring to derive 
different K patterns of the multilocus 
genotypic data. The admixture model and 
correlated allele frequencies were run in 
5,000 burn-in period (iterations) and 10,000 
Markov Chain Markov Chain Monte Carlo 
(MCMC) replications. Structure harvester 
(Earl et al., 2012), an online program 
afterwards computed delta K for 
determining the true value of K after the 
method of Evanno et al. (2005). It was based 
on the change in the log data probability of 
each successive Ks (K=1 to K=6) replicated 
10 times. 
Results and Discussion 
Polymorphism in alleles 
PIC measured polymorphism of the 
G-SSRs. PIC is also called as He or expected 
heterozygosity (Hartl and Clark, 1997) but 
the latter term is preferably used in 
describing a group or population. Botstein et 
al. (1980) reported marker as highly 
polymorphic if the value is >0.5, moderate 
to values of 0.25 to 0.5, and low to values 
<0.25.  Therefore, PIC in a range of 0.167 to 
0.67 had 12 highly polymorphic G-SSRs 
and seven lowly to moderately polymorphic 
G-SSRs (Table 3). The top five G-SSRs 
with the highest PIC value were G-SSR19 
(PIC=0.671), G-SSR16 (PIC=0.645), G-
SSR13 (PIC=0.641), G-SSR3 (PIC=0.626), 
and G-SSR18 (PIC=0.61) with a mean of 
0.639.  
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 NSIC registration 
number 
Clone name Origin Assigned group 
NSIC 1999 Rubber  
(Rb) 01 
RRIM600 
Rubber Research Institute of 
Malaysia (RRIM) 
RRIM-derived clones 
NSIC 1999 Rb 02 PB235 Prang Besar (PB), Malaysia PB-derived clones 
NSIC 1999 Rb 03 USM 1 
University of Southern 
Mindanao (USM) 
Phil. University (PU)-
derived clones 
NSIC 1999 Rb 04 PB217 PB, Malaysia PB-derived clones 
NSIC 2001 Rb 05 PB260 PB, Malaysia PB-derived clones 
NSIC 2001 Rb 06 PB330 PB, Malaysia PB-derived clones 
NSIC 2001 Rb 07 PB311 PB, Malaysia PB-derived clones 
Check clone* RRIM712 RRIM RRIM-derived clones 
Check clone* RRIM901 RRIM RRIM-derived clones 
Check clone* UPLBPlant1 
University of the Philippines 
Los Baños 
PU-derived clones 
Check clone* SMRX1 
Southern Mindanao 
Agricultural Research 
Center, USM 
PU-derived clones 
*standard clones only for this study. 
Table 1. Eleven rubber clones with their National Seed Industry Council (NSIC) status 
were assigned clones based on its institutional origin. 
Assigned 
marker 
name 
Common 
name* 
Forward sequence  
(3’ to 5’) 
Reverse sequence  
(5’ to 3’) 
ºC** 
G-SSR1 A2406 gtccacagaaataaaactca agccattttctcacctc 51.2 
G-SSR2 A2736 gcaacctgatgaataaaga aaatgagaaacaagaagacc 52 
G-SSR3 AF221700 tttggcattgatgttga ccaaatatgctgtttcagga 53.2 
G-SSR4 AF221703 ggttatcaaagagaagatgccaaga tccaaatgctggaatcagatattgc 59.7 
G-SSR5 AF221705 gctaaccctctcttcattgata agattcgccttttctcagacag 58.4 
G-SSR6 AF221706 tgtgtcctctacttgtcttcatttg gcctctacttttctttctcctttat 58.1 
G-SSR7 AF221711 acaagagatgcgagaagaaataccc cataacagctgaatgaaaataaaac 61.3 
G-SSR8 AY486582 cctgtatgaaatcaagagaaga tagaggtagaagccaatgagtt 56.5 
G-SSR9 AY486585 ggcagtagcacaatcatttttagta tttcctcactgttttgtcattcc 58.1 
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G-SSR10 AY486601 cttgacgttcgcattcctt catacccatttacatacacacacc 59.3 
G-SSR11 hmac5 tcggttggtttaccatgaca acatcacatgagtgtatctgatctc 62.5 
G-SSR12 hmct1 aaccagaagggtgtcatgct ggaatcccatgacaatccac 58.4 
G-SSR13 hmct5 atgtatgtgtgcgcaggaag ctgtagtcatggcagcagga 60.5 
G-SSR14 M124 tcatttcaagttcaccgtgcttatt agcgcatgtatttgccttatgtctc 61.3 
G-SSR15 M412 cattagttggctgctctttcatttc acttatcttatgttccatctaccac 59.7 
G-SSR16 Ma31 tcctgccatccttatcct tttttgtattgccccagccgtgagt 63 
G-SSR17 MnSod tgtgctgcctttgtcttaacatgcc gcaaatagcaatgagtttctgactc 63 
G-SSR18 T2063 tagcagaagcagttatgg ttatctattggactgaagga 52 
G-SSR19 TAS2172 aggaatgctaagggtatg aggagattgtggaagaaa 52 
*rubber-based G-SSRs based on Seguin et al., 2002; Saha et al., 2005; Le Guen et al., 2011; Cantila et al., 2015: 
**annealing temperature.   
Table 2. Nineteen G-SSR markers with its sequences optimized at specific annealing 
temperature. 
G-SSR code PIC N Ne Ho 
G-SSR1 0.495 3 2.057 0.500 
G-SSR2 0.167 2 1.333 0.333 
G-SSR3 0.626 4 2.836 0.694 
G-SSR4 0.467 6 2.273 0.289 
G-SSR5 0.561 4 2.332 0.756 
G-SSR6 0.454 4 1.987 0.311 
G-SSR7 0.506 5 2.085 0.750 
G-SSR8 0.555 5 2.652 0.600 
G-SSR9 0.532 3 2.182 0.489 
G-SSR10 0.490 2 1.961 0.528 
G-SSR11 0.259 2 1.462 0.111 
G-SSR12 0.541 4 2.541 0.711 
G-SSR13 0.641 4 2.825 0.644 
G-SSR14 0.361 4 1.859 0.422 
G-SSR15 0.547 3 2.235 0.417 
G-SSR16 0.645 4 2.827 0.917 
G-SSR17 0.530 3 2.165 0.711 
G-SSR18 0.610 4 2.709 0.694 
G-SSR19 0.671 6 3.079 0.933 
Total - 72 43.401 - 
Mean 0.508 3.789 2.284 0.569 
SD 0.129 1.182 0.470 0.220 
PIC=polymorphic information content, N=number of alleles derived, Ne=number of effective alleles, Ho=observed 
heterozygosity, and SD=standard deviation. 
Table 3. Nineteen G-SSR markers and their corresponding indices detected enough 
polymorphism and allelic richness in the study through GenAlEx 6.5 software (Peakell and 
Smouse, 2012). 
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Group Ne Ho He 
PB 2.392 0.517 0.506 
RRIM 2.044 0.509 0.453 
PU 2.417 0.618 0.566 
Mean 2.284 0.548 0.508 
SD 0.208 0.061 0.056 
PB=Prang Besar, RRIM=Rubber Research of Malaysia, PU=Philippine derived, Ne=number of effective alleles, 
Ho=observed heterozygosity, He=expected heterozygosity, and SD=standard deviation. 
Table 4. Effective alleles and heterozygosity explained the allelic richness in three groups of 
rubber through GenAlEx 6.5 software (Peakell and Smouse, 2012). 
G-SSR Allele (bp) Clone Group 
G-SSR2 418 SMRX1, USM1 and UPLBPlant1 
PU 
G-SSR4 
222 UPLBPlant1 PU 
209 RRIM901 RRIM 
195 RRIM600 RRIM 
187 PB330 PB 
G-SSR7 
465 PB311 PB 
442 SMRX1, USM1 and UPLBPlant1 PU 
380 UPLBPlant1 and USM1 
PU 
G-SSR8 171 PB311 PB 
G-SSR12 269 PB260, PB311 and PB330 
PB 
G-SSR14 150 PB260 PB 
G-SSR15 173 PB217 and PB235 PB 
G-SSR17 196 RRIM712 RRIM 
G-SSR19 
132 PB235, PB260 and PB311 PB 
126 RRIM712 and RRIM901 
RRIM 
107 PB217 PB 
PB=Prang Besar, RRIM=Rubber Research of Malaysia, PU=Philippine University-based. 
Table 5. Thirteen G-SSRs detected private alleles with its corresponding base pairs (bp), 
frequency and clone/s used in defining allele distinctiveness through GenAlEx 6.5 software 
(Peakell and Smouse, 2012). 
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Source df SS MS 
Estimated  
variance 
Percentage (%) P-value FST 
Between groups 2 21.061 10.53 0.424 6.37 0.021 
0.064 
Between clones 8 60.167 7.521 1.283 19.26 0.000 
Within clones 11 54.5 4.955 4.955 74.37 0.000 
Total 21 135.727 
 
6.662 100  
Table  6. Analysis of molecular variance (AMOVA) revealed the genetic structure of 
rubber groups by allocating the percentage to between groups, among and within clones 
along with its corresponding FST through GenAlEx 6.5 software (Peakell and Smouse, 
2012). 
 
Clones 
PB 
217 
PB 
235 
PB 
260 
PB 
311 
PB 
330 
RRIM 
600 
RRIM 
712 
RRIM 
901 
SMRX1 
UPLB 
Plant1 
PB217 1 
         
PB235 0.371 1 
        
PB260 0.359 0.308 1 
       
PB311 0.267 0.375 0.364 1 
      
PB330 0.417 0.289 0.385 0.184 1 
     
RRIM600 0.282 0.371 0.233 0.239 0.308 1 
    
RRIM712 0.262 0.244 0.217 0.333 0.256 0.395 1 
   
RRIM901 0.233 0.275 0.244 0.304 0.2 0.293 0.4 1 
  
SMRX1 0.487 0.302 0.326 0.275 0.341 0.318 0.386 0.326 1 
 
UPLB 
Plant1 
0.326 0.375 0.333 0.391 0.234 0.295 0.277 0.304 0.383 1 
USM1 0.25 0.231 0.359 0.239 0.244 0.22 0.178 0.233 0.318 0.357 
Table 7. Genetic proximity of 11 rubber clones used for the genetic divergence analysis 
through XLStat software (Addinsoft, 2010). 
Journal of Advanced Applied Scientific Research -ISSN: 2454-3225 
Aldrin Y. Cantila et.al JOAASR-Vol-1-11-August-2017:9-27 
17 
 
 
Figure 1. Unweighted neighborhood-joining tree radial type showed the genetic divergence of 11 
rubber clones through DARwin 6.0.14 software (Perrier and Jacquemoud-Collet, 2006). 
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Figure 2. Patterns of distribution (K2 to K5) determined by Structure 2.3.4 software (Pritchard et al., 2000) 
and Delta K computation (Evanno et al., 2005) determined by online Structure harvester software 
(Earl et al., 2012). 
Clones 
Inferred ancestry value 
Group 1 Group 2 
PB217 0.004 0.996 
PB235 0.012 0.988 
PB260 0.002 0.998 
PB311 0.008 0.992 
PB330 0.007 0.993 
RRIM600 0.619 0.381 
RRIM712 0.995 0.005 
RRIM901 0.997 0.003 
SMRX1 0.006 0.994 
UPLBPlant1 0.003 0.997 
USM1 0.005 0.995 
Values in bold means corresponding clones belonging for the group. 
Table 8. Rubber clones with its corresponding inferred ancestry values for a group after 
the true value of K computation through Structure 2.3.4 software (Pritchard et al., 2000). 
  
0
0.2
0.4
0.6
0.8
1
1.2
0 2 4 6 8
K=2 K=3
K=5
K=4
K=6
D
el
ta
K
K
Legend:
Numbers= Clone
1=PB217           6=RRIM600           
2=PB235           7=RRIM712           
3=PB260           8=RRIM901          
4=PB311           9=SMRX1          
5=PB330          10=UPLBPlant1       
11=USM1       
Enclosed numbers=Group
1=PB clones
2=RRIM clones
3=Philippine clones
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The least PIC values of the low and 
moderate G-SSRs likewise had a mean of 
0.385. In all, the mean PIC was 0.508. It 
was a bit higher than the mean PIC of 
0.4995 by Souza et al (2009) when utilizing 
G-SSRs in the genetic diversity analysis and 
cross-amplification in six Hevea wild 
species and to mean PIC of EST (expressed 
sequence tags)-SSRs of 0.49 by Cubry et al., 
(2014) upon studying rubber diversity and 
breeding. G-SSRs have high polymorphism 
level than EST-SSRs because of its unique 
mechanism responsible for replicating DNA 
slippage according to Wang et al. (2009) and 
Gupta and Varshney (2000). Furthermore, 
they are widely distributed among the 
genome in a species (Stagel et al., 2008) that 
made them useful for EST-based in terms of 
genetic divergence and diversity analysis. 
Richness in alleles 
Number of alleles is the basic genetic 
diversity estimator for a marker 
(Kalinowski, 2004). Nineteen G-SSRs 
derived 72 alleles with 3.789 per marker 
(Table 2). Both G-SSR4 and G-SSR19 had 
the highest alleles of 6 (Table 3). Ne 
however was highest only to G-SSR19 with 
3.079 which correspondingly had the highest 
Ho of 0.933 (Table 3). Ne proportionally 
determines number of heterozygotes (Hartl 
and Clark, 1989). Ne had a range of 1.333 to 
3.079 while Ho was of 0.111 and 0.933. Out 
of the 19, eight G-SSRs with Ne≥2.332 had 
Ho≥0.6. G-SSRs were G-SSR3 (Ne=2.836 
and Ho=0.694), G-SSR5 (Ne=2.332 and 
Ho=0.756), G-SSR8 (Ne=2.652 and Ho=0.6), 
G-SSR12 (Ne=2.541 and Ho=0.711), G-
SSR13 (Ne=2.825 and Ho=0.644), G-SSR16 
(Ne=2.827 and Ho=0.917), G-SSR18 
(Ne=2.709 and Ho=0.694) and G-SSR19 
(Ne=3.079 and Ho=0.933). Nevertheless, Ho 
had a mean of 0.569. G-SSRs also 
differentiated the three groups. Ne had a 
range of 2.044 (RRIM) to 2.417 (PU), Ho 
from 0.509 (RRIM) to 0.618 (PU) and He 
from 0.453 (RRIM) to 0.566 (PU) had mean 
value of 2.284, 0.548, and 0.508, 
respectively (Table 4). PU had the highest 
values for all indices. SD however of 0.208 
for Ne, 0.061 for Ho, and 0.056 for He 
indicated not so far difference between the 
groups.  
Distinctiveness in alleles 
Allelic redundancy is rare in Hevea 
genome (Priyadarshan, 2016) that is usually 
chromosomal aberration in rubber (Seguin et 
al. 2003).  However, 9 G-SSRs detected 16 
private SSR alleles across the three groups 
(Table 5). Private or unique alleles are likely 
due to natural mutation and selection 
(Mousadik and Petit, 1996). SSRs mutation 
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rate is in fact at 10-2 to 10-6 event per locus 
per generation (Li et al., 2002). These were 
G-SSR2, G-SSR4, G-SSR7, G-SSR8, G-
SSR12, G-SSR14, G-SSR15, G-SSR17 and 
G-SSR19. The three highest detectors were 
G-SSR4, G-SSR7 and G-SSR19 with four, 
three and three private alleles, respectively. 
There were alleles too that had been distinct 
only for a group detected within two or more 
clones. Private alleles were the 418 bp (G-
SSR2) in PU, 442 bp (G-SSR7) in PU, 380 
bp (G-SSR7) in PU, 269 bp (G-SSR12) in 
PB, 173 bp (G-SSR15) in PB, 132 bp of (G-
SSR19) in PB, and 126 bp (G-SSR19) in 
RRIM (Table 5). Existence of private alleles 
indicates a unique genetic variability at 
certain loci (Borba et al., 2009). This 
information is useful for identifying genetic 
resources with exclusive genetic variability 
that can increase the richness of alleles in 
gene banks (Borba et al., 2009). Unusual 
alleles are very useful not only in the genetic 
resources specific labelling but also in 
breeding and variety development as loci-
specific markers (Li et al., 2008). 
Structure of the rubber 
AMOVA also extracted the genetic 
structure of the rubber (Excoffier et al., 
1992). To be specific, molecular variances 
are evaluated within rubber clones’ genetic 
composition, between rubber clones and 
between rubber clones’ initial group to 
determine what level of difference can be 
found in rubber’s genetic structure. IPGRI 
and Cornell University (2003) cited that a 
group is structured if mating is not at 
random. A structure is usually correlated to 
the lifespan of a species with hierarchy as 
follows: annual crops (more structured) > 
short-lived perennials > long-lived 
perennials (Miller and Gross, 2011). 
AMOVA revealed high significance and 
high genetic structure is within clones of 
74.37% molecular variance (Table 6). Only 
19.26% molecular variance was accounted 
to between clones while 6.37% to between 
groups, both in moderate values (Table 6). 
The level of structure between groups was 
quantified using the FST of Wright (1951). 
FST had 0.064 (Table 6) that supported 
AMOVA for between groups’ percentage. 
The low genetic structure between groups 
was due to the high variability within clones, 
confirming that rubber is genetically 
heterogenous. Our AMOVA result was in 
parallel to Souza et al. (2015) with 7%, 21% 
and almost 73% molecular variances to 
between groups, between clones and within 
clones, respectively when they made a 
strategy for managing rubber genetic 
resources in Brazil, South America.  Rubber 
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in this case was highly structured not in a 
group level but within its individual level. 
Divergence of the rubber  
Genetic proximity was in a range 
from 0.184 to 0.487 (Table 7) with its 
corresponding unweighted neighborhood-
joining tree (Figure 1). Both analyses 
suggested that no rubber clones was the 
same. The mean genetic proximity was 
0.304 with a divergence feature of two 
major root structures (Table 7; Figure 1).   
Lesser mean genetic proximity was 
found among rubber clones because rubber 
is a crop having highly variable genetic 
make-up, owed to its cross-pollinated nature 
(Simmonds, 1989). Nevertheless, the five 
closest genetic proximities were seen 
between PB217 and SMRX1, PB217 and 
PB330, RRIM712 and RRIM901, RRIM600 
and RRIM712, and PB311 and UPLBPlant1 
with 0.487, 0.417, 0.4, 0.395 and 0.391 
(Table 7; Figure 1), respectively.  Rubber 
entered Asia through Henry Wickham’s 
smuggled seeds (Wycherly, 1968; Dean, 
1987) and its seedlings were used 
extensively as parental breeding clones of 
several Asian countries (Kinnarat and 
Ratannong, 2002). Kinnarat and Ratannong 
(2002) and Nakannong et al. (2008) added 
that Asian rubber institutions had regular 
sharing between rubber parent materials. 
That is why some Asian-derived clones were 
found having genetic similarity. 
Distribution of the rubber  
Structure can also be defined as to 
how clones or variants are distributed to a 
group. Structure analysis used 5,000 burn-in 
period (iterations) and 10,000 MCMC 
replications to assure the efficiency of 
resampling strategy. Rubber clones were 
assigned to a group based on its ancestry 
values (Weckworth et al., 2005). K2, K3, 
K4, K5 and K6 from the Bayesian structure 
analysis (Figure 2) showed the patterns of 
rubber clones’ distribution.  
To be certain, delta K computation 
identified the true value of K (Evanno et al., 
2005). The true value then was two (Table 
8; Figure 2).  Group 1 had three clones such 
as RRIM600, RRIM712 and RRIM901. 
RRIM600 and RRIM901 were found to be 
in the same group on the reports by Sales 
(2010) in profiling and authenticating rubber 
germplasm based on 21 G-SSRs and 
Oktavia and Kuswanhadi (2011) in selecting 
suitable rubber parents based on 12 random 
amplified polymorphic DNA (RAPDs).  
RRIM600 and RRIM712 on the other hand 
had 0.80 similarities according to Feng et al. 
(2012) when using ten EST-SSRs and six G-
SSRs in the genetic diversity and SSR allelic 
variation. The relationship of the three 
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RRIM was explained by Priyadarshan and 
Goncalves’ (2002) hierarchical diagram of 
rubber clones. RRIM600 and RRIM605 are 
offspring of the clone Tjir1. RRIM712 and 
RRIM901 on the other hand is the offspring 
of RRIM605 and RRIM600, respectively. 
Amongst the three however, only RRIM600 
had an ancestry value of 0.619 (Table 8), 
indicating as admixture since it was less 
than 0.80 (Garris et al., 2005). Varghese et 
al. (1997) reported that rubber is highly 
heterozygote plant where offspring is 
produced from a shuffled gene combination 
or disproportion allele distribution. Group 2 
instead had eight clones such as PB217, 
PB235, PB260, PB311, PB330, SMRX1, 
UPLBPlant1 and USM1 (Figure 2). 
Nakannong et al. (2008) reported 80% 
similarity between PB311, PB330 and 
PB260 when using combined 8 RAPDs and 
4 SSRs for rubber research. Relationship 
between remaining PB-derived clones can 
be explained by Priyadarshan and Goncalves 
(2002) where PB-derived clones had PB5/51 
genes. PB217, PB260 and PB330 were 
offspring of PB5/51 while PB235 is an 
offspring of PB217 and PB311 is an 
offspring of PB235.  No pedigree data 
however had been found to SMRX1, 
UPLBPlant1 and USM1. Nevertheless, 
unweighted neighborhood-joining tree 
earlier showed closer divergence between 
that SMRX1 and PB217, UPLBPlant1 and 
PB311, and USM1 and PB260 with 
corresponding genetic proximity of 0.487, 
0.391, and 0.359, respectively. The result 
indicated that PB clones’ genetic 
background could be the gene source of the 
three Phil clones. 
Conclusion 
Only seven rubber clones were 
nationally registered in the Philippines and 
its molecular information has to be defined. 
G-SSRs were suitable for providing 
polymorphism (mean PIC=0.508). Nine 
private alleles could be the reason of high 
molecular variances within rubber (74.37%). 
Private alleles in best clones such as 195bp 
of G-SSR4 in RRIM600, 187bp of G-SSR4 
in PB330, 465bp of G-SSR7 in PB311, 
171bp of G-SSR8 in PB311, 150bp of G-
SSR14 in PB260 and 107bp of G-SSR19 in 
PB217 could be used as molecular reference 
to authenticate registered clones especially 
in nursery farm-producing planting 
materials.  Genetic relationship was in a 
range of 0.184 to 0.487 proximity, having 
PB217 and SMRX1 as the closest. Bayesian 
structure analysis on the other hand 
distributed clones into two groups (group 1- 
RRIM600, RRIM712 and RRIM901; group 
2- PB217, PB235, PB260, PB311, PB330, 
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SMRX1, UPLBPlant1 and USM1); denoting 
in-depth consideration of making crosses 
and it should be between clones from 
different groups.  
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